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MINERAL RESOURCES OF GLACIER BAY NATIONAL
MONUMENT, ALASKA

By E. M. MacKEeverT, Jr,, Davip A, Brew, C. C. HawLEy, Lyman C. HuFF, and James G. Smita

ABSTRACT AND SUMMARY

The U.S. Geological Survey investigation of the mineral-
resource potential of Glacier Bay National Monument was
made during the summer of 1966 at the request of the Na-
tional Park Service for its use in planning future develop-
ment of the monument. The most important results of field
tests and laboratory analyses are herein summarized. Back-
ground on the geography, geology, and study methods used is
given in the “Introduction.”

The chief metallic commodities of potential economie im-
portance are copper, molybdenum, nickel, gold, silver, tita-
nium, and iron. A few other metals might constitute byprod-
ucts or form deposits in some favorable areas that are as yet
unexplored or concealed. The belt of Tertiary sedimentary
rocks that borders the Gulf of Alaska and probably occurs
offshore is a possible host for petroleum, but the potential is
low. The economic potential for nonmetallic deposits known
in the monument, such as coal, limestone, and dolomite, is
minimal because of their low grade, impurities, cheaper avail-
ability elsewhere, and other limiting factors.

The deposits considered to have the best economic potential
include eight that were previously known and seven that were
found during our investigations. The previously known de-
posits are the Nunatak molybdenum prospect; the Brady
Glacier nickel-copper prospect; titanium, iron, and copper
deposits associated with the layered mafic intrusive rocks of
the Fairweather Range; the Alaska Chief copper prospect;
gold- and ilmenite-bearing beach placers north and south of
Lituya Bay; the Margerie copper prospect; and gold lodes in
the Reid Inlet area and at the Sandy Cove prospect (fig. 1).
The most attractive deposits found during our investigations
include a copper-molybdenum deposit in the Bruce Hills;
veins and altered zones north of White Glacier; base-metal
lodes near Mount Brack; and copper deposits south of Rendu
Glacier, near Gable Mountain, east of Dundas Bay, and west
of Tarr Inlet (fig. 1).

The previously known deposits are described in the order of
their probable economic potential. The Nunatak molybdenum
prospect and the Brady Glacier nickel-copper prospect are
those most likely to be developed in the near future. The de-
posits of potential significance that we found cannot be
ranked without additional data, and, at this stage, are con-
sidered to have about the same potential. They are all partly
or largely covered by snow, ice, or surficial deposits, and sat-
isfactory appraisals of their configurations and grades re-
quire physical exploration. These newly found deposits are of
interest because of their inferred sizes, their grades, and the
possibility that concealed parts of some deposit may be larger
and richer than is apparent from surface examination. These
deposits would be regarded as exploration possibilities by
most mining companies, but remoteness and difficult access

are limiting factors in most cases. Probably none of these
newly found deposits will prove to be of major importance,
but they cannot be eliminated from consideration without
exploration.

The investigations were thorough enough to conclude that
most, if not all, sizable mineral deposits exposed in the
Glacial Bay National Monument east of the Fairweather
Range have been found. Some of the geochemical anomalies
detected in stream-sediment samples from this same part of
the monument may indicate the existence of ccncealed minor
deposits. In the Fairweather Range itself, most of the
planned fieldwork was prevented by bad weather, and only
small parts of its eastern margin were examired; therefore,
our appraisal of the deposits of the range is severely limited
by lack of data.

MINERAL DEPOSITS
PREVIOUSLY KNOWN DEPOSITS

NunaTak MOLYBDENUM PROSPECT

Deposits at the Nunatak molybdenum prospect (fig. 1,
loc. 1) consist of abundant, closely spaced molydenite (MoSz)-
bearing quartz veins, minor molybdenite disseminated in horn-
fels, and a mineralized fault zone. The deposits have been
described by Twenhofel (1946), and they were sampled and
explored with two diamond-drill holes by the U.S. Bureau of
Mines (Sanford and others, 1949). Mining ecmpanies have
conducted limited exploration at the prospect. The deposits
are mainly in hornfels, but locally, they occur in an intrusive
igneous body mapped as quartz monzonite porp-vry, which is
exposed over a small area, and in a silicified zone near the
edge of the igneous body. Pyrite (FeSz), pyrrhotite (Fei--S),
chalocopyrite (CuFeSz), and traces of silver are associated
with the molybdenite in parts of the deposit.

Satisfactory estimates of the grade of the deposits will
require bulk sampling, and adequate estimates cf the reserves
are contingent upon determining the extent of the deposits.

Our reserve estimate for the closely space¢ molybdenite-
bearing vein network, or stockwork, above sea level near Muir
Inlet is 2,247,000 tons of material averaging 0.067 percent
MoS:2 and 0.016 percent copper. Our estimate for the remain-
der of the stockworks and the fault zone deposit is 129,630,250
tons of material averaging 0.026 percent MoSz and 0.018 per-
cent copper. The grades are based on assays of chip samples
collected during our investigations. In acdition, about
18,000,000 tons of material similar to that in the second cate-
gory above are inferred to underlie the steep cliffs near the
southern end of the stockworks. Reserves that are compara-
ble in tonnage and grade to those above sea level probably
also occur below sea level.

Twenhofel (1946, p. 17, 18) estimated that th~ whole stock-
work contained 8,500,000 tons of material averaging 0.125
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FIGURE 1—Map of Glacier Bay National Monument, Alaska,

11. White Glacier

12. South of Rendu Glacier

13. Gable Mountain

14. Altered zone east of Dundas Bay
15. West of Tarr Inlet

A. Main arm of Dundas Bay

B. West shore of Tarr Inlet

C. Mount Merriam

D. Miller Peak-Sandy Cove

E. Upper Berg Creek

showing selected mineral deposits, geochemical aromalies,

and outlines of some areas favorable for mineral deposits. e, previously known deposits with economic p~tential;
X, deposits of possible economic interest found by USGS investigations; ®, geochemical anomalies.

percent MoS: and 91,500,000 tons of material averaging 0.080
percent MoS: and that the fault-zone deposit contained
540,000 tons of material averaging 0.169 percent MoS2. Twen-
hofel’s grade estimates are based mainly on channel samples
and may be more representative than ours; none of his
samples were analyzed for copper.

Three diamond-drill holes drilled by the American Explora-
tion & Mining Co. in 1966 explored parts of the deposits be-

tween 400 feet above sea level and 300 feet below sea level.
These cores are reported to indicate grades of MoS: similar to
those in our and Twenhofel’s samples.

The Nunatak molybdenum prospect contains a large re-
serve of low-grade molybdenum ore, and if the current trends
in price and demand for molybdenum continue, it may be
minable in the near future.
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Brapy GLACIER ProOSPECT

The Brady Glacier nickel-copper deposits are exposed on
two small nunataks in Brady Glacier (fig. 1, loe. 2). The
prospect is covered by patented claims held by the Newmont
Mining Co. Published descriptions of the deposits are based
on meager information (Berg and others, 1964, p. 115; Corn-
wall, 1966, p. 37). The deposits are localized near the base
of layered gabbro and in adjacent periodotite that forms part
of the layered mafic and ultramafic igneous rock complex
known as the Crillon-LaPerouse stock. They consist of pyrrho-
tite (Fe1-»S), pentlandite ( (Fe,Ni)oSs), and chalcopyrite
(CuFeSz) that form disseminations, veinlets, and lenticular
masses as much as 35 feet long and 5 feet in diameter). The
prospect has been explored by 46 diamond-drill holes, many
of which were drilled through several hundred feet of ice
in the nearby glacier.

The nunataks have not been systematically sampled, but
examination of their rocks indicate that disseminated sulfides
are present nearly everywhere. The amounts are small, and
the overall average grade would probably be less than 0.5
percent each nickel and copper. Several of the sulfide masses
in the nunataks have been sampled, and the assays shows 2-3
percent nickel, 1-1.4 percent copper, and 0.25 percent cobalt.
Individual massive sulfide lenses are small; however, five such
bodies on the nunataks have lengths ranging from 15 to 35
feet and average widths of about 6 feet. The vertical extents
of the lenses are probably comparable to these dimensions.

Diamond drilling thus far has shown that low-grade nickel-
copper mineralization is widespread in the gabbro-peridotite
complex, but more drilling is needed to establish continuity of
the higher grade zones. By analogy with known commercial
‘deposits of a similar nature elsewhere, it is possible that, as
the basal contact of the layered complex is approached at
greater depth, higher grades of nickel and copper mineraliza-
tion will be encountered. The information available to us is
inadequate for making any reserve estimates, but the results
of exploration may be considered sufficiently favorable to
encourage mining the deposits.

FAlRwEATHER RANGE

The layered mafic and ultramafic rocks of the Fairweather
Range include the Crillon-LaPerouse and the. Astrolabe-
DeLangle stocks of Rossman (1963a) and an inferred intru-
sive mass near Mount Fairweather (fig. 1). These rocks have
been little explored and prospected. Descriptions of them and
brief accounts of their mineral deposits (fig. 1, loc. 8) are in
Rossman (1963a) and in Kennedy and Walton (1946, p.
67-72).

Some layers in the layered complexes are known to contain
large amounts of ilmenite in low-grade concentrations and
lesser amounts of titaniferous magnetite. These and similarly
mineralized layers that undoubtedly occur elsewhere in the
complexes are a potential resource of titanium and iron. Minor
amounts of vanadium are associated with the ilmenite and
magnetite and constitute a remotely possible byproduct. Pods
and lenses of massive sulfides, chiefly pyrrhotite (Fei-:S)
with subordinate chalcopyrite (CuFeS:), have been reported
from some of the layers and contact zones of the complexes.

By analogy with other layered mafic and ultramafic intru-
sive masses, the poorly exposed and apparently largely con-
cealed ultramafic rocks of the lower part of the complexes are
possible hosts for chromite and platinum deposits. The pe-
ripheral and lower zones of the complexes may also contain

sulfide deposits rich in nickel and copper and possibly small
amounts of platinum.

The little-explored and prospected layered intrusive rocks
of the Fairweather Range are potentially important because
they contain known resources and are favorable hosts for a
variety of mineral deposits. However, they occur largely in
remote and rugged terrain where prospecting, exploration,
and mining are difficult and costly.

Avrasxka CHIEF ProspPECT

The Alaska Chief copper prospect (fig. 1, loc. 3) consists
of patented claims on a massive sulfide devosit in tactite,
hornfels, and marble near a granitic mass. YWorkings at the
prospect consist of a cleared and scraped area about 150 feet
long and 55 feet wide and an adit 40 feet long. The deposit is
exposed throughout the cleared area and les* extensively in
the adit. The lateral extent of the deposit covld not be ascer-
tained because its surface exposures are surrounded by
densely vegetated steep hillsides that lack outerops. Little is
known of its subsurface configuration. The deposit consists
of pyrite (FeS2), pyrrhotite (Fei1-:S), chalcopyrite (CuFeS:2),
bornite (CusFeS3i), and sphalerite (ZnS), an? their oxidized
derivatives. Chip samples from the cleared area contained
about 1 percent copper, as much as 4.377 ounces of silver per
ton, and lesser amounts of gold and zine. Drilling or similar
exploration will be required to determine the reserves of the
deposits. The prospect has been briefly des-ribed by Reed
(1938, p. 72, 73) and by the Wrights (1937, p. 221, 222).

Pracer Deposits Near Lituva Fay

Placer deposits that contain gold and other heavy minerals
are distributed irregularly along the beaches for about 20
miles northwest of Lituya Bay and 15 miles southeast of the
bay (fig. 1, loe. 7). There may be similar placers just offshore
beneath the Gulf of Alaska. The deposits cosist of concen-
trations of heavy minerals in modern bare besch sands and in
older beach sands whose surfaces are covered by vegetation.
They have been worked intermittently since the early 1890’s.
Between 1894 and 1917 they produced gold valued at about
$75,000 (Mertie, 1933, p. 135). Their productio~ since 1917 has
been minor. A little platinum has been reccvered from the
deposits. The placer deposits also contain cencentrations of
ilmenite and, to a lesser extent, of magnetite. The deposits
have been investigated by Rossman (1957) and by Thomas
and Berryhill (1962, p. 37-40); both of thes~ investigations
stressed their ilmenite content. They could b~ worked under
favorable economic conditions for gold, and they also consti-
tute a potential resource of titanium, and possihly iron.

MARGERIE PrOSPECT

The Margerie copper prospect (fig. 1, loc. 4) is in granitic
rock and hornfels. Its deposits consist of pyrrhotite (Fei1-.S)-
chalcopyrite (CuFeSz) lenses, copper-bearin> altered zones
about 6 feet thick, and thin quartz veins. All the deposits
examined appear to be too small or too lean te be exploitable;
but the prospect has been little explored, and indications of
mineralization are widespread in the genernl vicinity. The
deposits were discovered in 1960, but they have not been
deseribed in the geologic literature.

Remw INLET GoLp AReA AND SanpY Cove ProspecT
The gold lodes of the Reid Inlet gold ares (fig. 1, loc. 5)
and the Sandy Cove prospect (fig. 1, loc. 6) occur in narrow
nonpersistent quartz veins and in the contigucns altered wall-
rock. They are probably too small and too sworadically dis-
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tributed to be minable now, but they probably would be
amenable to small-scale mining during more favorable eco-
nomic conditions.

The total value of gold production from mines in the Reid
Inlet area was about $250,000 (Rossman, 1959, p. 39). The
geology and ore deposits of the Reid Inlet area have been
described by Rossman (1959). The Sandy Cove prospect was
described by Reed (1938, p. 65-68).

OtuaER PreviousLy Known DerosiTs
Several other mineral deposits, such as those on Willough-
by, Francis, and Marble Islands (Reed, 1938, p. 69-72), west
of Rendu Inlet and on the southern part of Gilbert Island
(Rossman, 1963b, p. K48-K50), have been reported in the
monument. All of these probably have low potentials for
mineral production.

DEPOSITS DISCOVERED DURING 1966

Several localities that coentain mineral deposits of potential
significance were discovered during the 1966 fieldwork (fig.
1). No ranking is implied by the sequence of the descriptions
that follow. Most of these deposits are poorly exposed and
require additional work for their satisfactory evaluation. Our
brief examinations and limited sample data indicate that they
warrant exploration.

The Bruce Hills deposits (fig. 1, loc. 9) are in and near a
fault zone that cuts granitic recks. They consist of stockworks
of quartz veins, disseminations, and fracture coatings, and
contain pyrite (FeSz), chacopyrite (CuFeS:), pyrrhotite
(Fe;xS), molybdenite (MoS:), and malachite (Cu2Co3z(OH)2).

The deposits near Mount Brack (fig. 1, loc. 10) occupy veins
and altered zones in metamorphic rocks. They consist of
sphalerite (ZnS), galena (PbS), and probably a sulfosalt, and
contain minor amounts of silver.

Deposits north of White Glacier (fig. 1, loc. 11) are localized
in small altered zones that cut limestone and marble and in
large altered zones that cut mafic volcanic rocks. The altered
zones in the limestone and marble contain chalcopyrite
(CuFeS:), particularly near intersections with dikes that cut
the zones, and some altered zones in the veolcanic rocks carry
as much as 2 percent zinc.

A large mineralized altered zone is exposed in steep cliffs
south of Rendu Glacier (fig. 1, loc. 12) near the contact
between light-gray granitic rocks and metamorphic rocks. A
sample of float from this zone contained 0.2 percent copper.

Mineralized joint coatings of unknown extent occur in
coarse-grained dioritic rocks at Gable Mountain (fig. 1,
loc. 13). The copper minerals in the joints are malachite
(Cu2C03(O0H)2) and chrysocolla (CuSiOs - 2H20). A compos-
ite grab sample from the deposit contained 0.1 percent copper
and minor quantities of silver and molybdenum.

Low-grade copper deposits occur in a large altered zone
east of Dundas Bay (fig. 1, loc. 14). The altered zone, which is
in quartz-rich metamorphic rock that locally is bounded by
volcanic rocks, is as much as 300 feet wide and at least 1 mile
long. Samples from the altered zone contained as much as 0.2
percent copper and traces of silver, molybdenum, and lead.

Disseminated sulfides and quartz veinlets that carry copper
minerals occur in siliceous lenses within light-colored granitic
rocks west of Tarr Inlet (fig. 1, loc. 15). A sample representa-
tive of the lenses yielded 0.1 percent copper.

Numerous other deposits, including a few that probably
have potential equal to those described here, were found
during our investigations,

GEOCHEMICAL ANOMALIES

The geochemical sampling program disclosed numerous
areas with anomalous centents of metals. Five areas that
contain significant anomalies were detected by examination
of stream sediments, but most of the anomalies were revealed
by analyzing mineralized rock samples. The geochemical sam-
pling also provided information about “backgroun” concen-
tration of elements in geologically different terranes. Al-
though some of the anomalous areas were revisited and
resampled in detail, none have been thoroughly evaluated;
almost all, the five significant anomalies in particul+r, deserve
further sampling and search for the causes of tl~» anemal-
ously high metal contents. The data new available do not
establish whether specific anomalies are derived from con-
cealed mineral deposits with economic potential or from
areas of widespread, but, nevertheless, insignificart mineral-
ization. Comparison of the geochemical maps with the min-
eral-deposit maps shows that not all known miner~] deposits
have geochemical anomalies detectible by methods used in
this study; the various factors causing this problem are dis-
cussed in the main part of this report. The discremancy does
not lessen the importance of the anomalies that we~e mapped.

A significant geochemical anomaly (fig. 1, loc. A) with as
much as 150 ppm (parts per million) tungsten and 30 ppm
tin occurs in stream sediments derived from light-colored
granitic rocks and adjacent metamorphic rocks near the main
arm of Dundas Bay. These stream-sediment sample~ were col-
lected late in the fieldwork, and there was no epportunity to
resample the streams in the area. Geologically, the area is
favorable for tungsten and tin deposits.

Another unevaluated significant anomaly is or the west
shore of Tarr Inlet (fig. 1, loec. B) net far south of a copper
deposit. This anomaly contains 700 ppm cepper, 20C ppm lead,
500 ppm tin, 1,000 ppm zine, and anomalous amounts of other
metals also. The anomaly is within a north-trending belt of
mixed granitic and undifferentiated metamorphic rocks. The
belt contains many small mineral deposits as well #s the Reid
Inlet gold area and appears favorable for base-metal
deposits.

Anomalously high total heavy-metal, molybdenum, and
strontium contents characterize an anomaly in steam sedi-
ments derived from a complex geologic terrane ncar Mount
Merriam (fig. 1, loc. C) Large iron-stained zones in hornfels
and marble adjacent to intrusive granitic bodies there may be
the source of the anomalous elements. In as muc* as these
zones have not been sampled and the stream sedirents have
not been resampled in detail, the anomaly is unev-lnated; it
is considered significant, however.

Sediments from several streams in the vicinity of Sandy
Cove and Miller Peak (fig. 1, loc. D) have anomn~lous total
heavy-metal, molybdenum, and strontium contents. These
stream sediments have been resampled and the anomaly
verified, but the source of the high metal contnt is not
known. Granitic bodies intrude marble in this area. and there
may be either widespread low-grade mineralizatior or hidden
mineral deposits associated with the granitic rock-marble
contacts.

Anomalously high chromium and copper values o-cur in the
sediments of upper Berg Creek (fig. 1, loc. E) near the monu-
ment boundary. This anomaly has not been res-mpled or
evaluated, but the geology of the drainage area suggests that
the metals may be derived from a volcanic terrane. The con-
tiguous area outside the monument has not been examined.
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FAVORABLE AREAS

Specific areas in the Glacial Bay National Monument can be
selected as being more favorable for mineral deposits than
others from consideration of the distribution and characteris-
tics of known mineral deposits, the results of geochemical
sampling, and the geology. There is no certainty that these
areas contain significant hidden mineral deposits, but they are
liklier to than other areas.

The contact zones between granitic intrusive bodies and
marble and other metamorphic rocks constitute favorable
areas for several types of mineral deposits. Such contact
zones are abundant in the monument east of the Fairweather
Range. Spatial and probably genetic relations exist between
many of the known mineral deposits and granitic masses. In
some places, such as the Alaska Chief copper prospect and
the Queen and Rendu Inlet iron depeosits, the indications of
genetic relationships are strong.

Another association between mineral deposits and granitic
rocks may be exemplified by the light-colored unfoliated
granitic rocks that occupy a northwest-trending belt from
Dundas Bay (fig. 1, near loc. A) to beyond Johns Hopkins
Inlet (pl. 1). With the possible exception of the Reid Inlet
gold deposits, which are rather distant, only a few mineral
deposits are known to be associated with this belt. However,
many metallic elements are generally concentrated during the
late evolutionary stages of similar granitic rocks, and such
rocks are associated with deposits of tin, molybdenum, tung-
sten, beryllium, gold, and other metals.

The layered gabbro and ultramafic rock complexes of the
Fairweather Range and their border zones (fig. 1, locs. 2, 8)
are favorable hosts for nickel, copper, iron, titanium, plati-
num, and perhaps vanadium deposits of various types. These
complexes are probably more likely to contain significant
undiscovered mineral deposits than any other favorable area
in the monument. However, exploration and development
problems caused by the extremely rugged terrain and severe
weather would be great. The beach and possible submarine
placers on the Pacific Ocean shore west of the Fairweather
Range (fig. 1, near loc. 7) contain iron- and titanium-bearing
heavy minerals derived from the gabbro and ultramafic rock
complexes as well as some gold and platinum. This area prob-
ably contains very large low-grade placer deposits.

_A favorable belt of mixed rocks, including granitic intru-
sions and many kinds of metamorphic rocks, extends from the
Brady Glacier northward past Reid and Johns Hopkins Inlets
and along the west side of Tarr Inlet (fig. 1, south of loec. 5
north to 4). This belt contains many large iron-stained zones
and many knewn mineral depesits, including those in the Reid
Inlet gold area and the Margerie prospect. The marble and
metamorphosed volcanic units are favorable hosts for de-
posits and are cut by at least two types of granitic intrusions.

In the Muir Inlet area and in areas to the east and west of
the inlet is a structural zone with east to west trends (fig. 1,
near locs. 1 and 9), rather than the north-northwest to south-
southeast trends which typify the monument as a whole, The
cause of these aberrant trends is not known, but the east-
west zone is congruent with an area characterized by dikes
and plugs of porphyritic intrusive bodies whese compositions
are similar to many of the granitic rocks in the monument.
In places, as at the Nunatak molybdenum prospect, the coun-
try rock has been shattered by these shallow-depth intrusions.
This area of congruent east-west trends and porphyritic in-
trusions contains most of the molybdenum deposits known in

the monument and is probably the most likely area in which
to find hidden molybdenum-copper deposits.

A potentially favorable area (fig. 1, near loc. E) is included
in the eastern end of the area just described. Granitic intru-
sive rocks, metamorphic rocks somewhat similar to those
near Muir Inlet, and a generally higher backTreund content
of metals in stream sediments all suggest th~t the area on
both sides of the boundary in the northeastern part of the
monument may contain undiscovered mineral deposits of un-
known size and significance.

Glacier Bay National Monument contains a few mineral
deposits that are likely to be minable in the necr future; some
that may be minable in the more distant future, but which
are not well enough known to be evaluated; some that prob-
ably would be minable with econemic or technologic changes;
and many that are insignificant. The economi~ potential for
petroleum, coal, and nonmetallic commodities in the monu-
ment is low.

INTRODUCTION

The U.S. National Park Service, in November
1965, requested that the U.S. Geologiical Survey
study the mineral resources and mineral-resource po-
tential of Glacier Bay National Monument, Alaska.
The purpose was to provide factual information for
the use of the National Park Service in planning the
future development of the monument fc+ the public.

A Geological Survey field party investigated the
mineral deposits of the monument and their regional
geologic setting during the summer of 1966. Three
concurrent methods of study were usel. The most
important method consisted of detailed field exami-
nation and a sampling of previously known deposits
and of new deposits found during the course of the
overall investigation. The second involved extensive
collection and geochemical analysis of stream-sedi-
ment samples from all major drainages. About 2,700
stream-sediment and mineralized rock samples were
analyzed. The third method was reconnaissance geo-
logic mapping, which delineated the major rock units
forming the host rocks of the mineral deposits, de-
termined the bedrock compositions of the geochemi-
cally sampled drainage basins, and revealed new min-
eral deposits and areas favorable for deposits.

The investigation successfully covered almost all
the monument, with only the high part of the Fair-
weather Range (fig. 2) and the Pacific coastal strip
west of that range left unvisited. Eighty-eight min-
eral deposits, both newly found and previously
known, are described in this report. Of this number,
16 deposits considered to be of greater economic in-
terest than the rest are described in detail. Many
insignificant mineral deposits were visited and sam-
pled; their locations are given in this report, al-
though they are not described.
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The geochemical sampling and analysis defined
several significant geochemical anomalies, including
some in areas known to contain mineral deposits.
Most of the amomalies have not been evaluated com-
pletely, although some were resampled in detail.

The reconnaissance geologic mapping developed
the regional framework of the mineral deposits and
the background information essential to the inter-
pretation of the geochemical data. The mapping also
contributed greatly to the knowledge of the regional
geology of this northern part of southeastern
Alaska.

The geochemical sampling program relied heavily
on rapid analyses of the samples. All stream-sediment
samples were dried and sieved to —80 mesh shortly
after collection, and the total heavy-metals content
(copper, lead, and zinc) was determined on a split by
conventional field tests (Huff, 1951; see ‘“Methods
of analysis”). The samples were then airmailed to
the Geological Survey laboratories, where spectro-
graphic analysis for 30 elements was made. Results
were airmailed back to the field, usually arriving
within 2-3 weeks from the time the sample was col-
lected. Mineralized rock samples were in some cases
screened by the total-heavy-metals test in the field
before being sent to the laboratory for spectro-
graphic analysis or assay. Samples were analyzed
spectrographically by Nancy M. Conklin, J. C. Hamil-
ton, R. G. Havens, Harriet G. Neiman, and A. L.
Sutton, Jr.

D. A. Brew wrote the introductory material and
regional geologic summary and prepared the lithol-
ogy for the combined lithologic-mineral deposit loca-
tion map. E. M. MacKevett, Jr., wrote all but one of
the descriptions of the mineral deposits, incorporat-
ing geochemical material prepared by L. C. Huff.
MacKevett was assisted by J. G. Smith in organizing
data, by R. J. Wehr with laboratory studies, and by
Susan R. Bartsch with drafting. H. R. Cornwall
wrote the description of the Brady Glacier deposit.
George Plafker is responsible for the summary of
petroleum prospects in the Gulf of Alaska Tertiary
province. C. C. Hawley prepared the maps showing
the results of geochemical sampling and the discus-
sions of geochemical anaomalies. Hawley and Huff
wrote the section discussing the geochemical sam-
pling program. MacKevett and Brew wrote the “Ab-
stract and summary.”

GEOGRAPHIC SETTING

Glacier Bay National Moument, Alaska, is an area
of rugged glacier-clad mountains and steep-sided
fiords within the St. Elias Mountains physiographic
province in the northwestern part of southeast Alas-

ka (fig. 2). Scenically and glaciologically, it is one of
the most spectacular parts of Alaska. The magnifi-
cent Fairweather Range culminates in JTount Fair-
weather (15,300 ft) and forms an awe-inspiring de-
vide between the Gulf of Alaska, only 12-15 miles
west of the range crest, and the deep fiords of Gla-
cier Bay proper, as close as 8 miles east of the crest.
The rapid recession of the glaciers in Glacier Bay
has not only provided an unparalled opportunity to
study recessional glacial phenomena but has also ex-
posed older glacial deposits and related features that
are evidence for a complex sequence of relatively
young glacial events.

The monument is located some 100 miles west-
northwest of Juneau, Alaska, (fig. 2) and is acces-
sible only by water or air. Small boats can reach -
Glacier Bay from the Inside Passage waters by way
of Icy Strait. Reaching the Pacific coastal part of
the monument involves an exposed and often rough
run through Icy Strait and around Cape Spencer into
the open ocean. Boating within Glacier Bay itself is
less difficult and conditions are generall good dur-
ing the summer months, although strorg tides and
sudden winds can abruptly change conditions. Char-
ter float-equipped aircraft from Juneau and Haines
reach the Bay in about an hour and can land in most
fiords, except where icebergs are numerous. Ski-
wheel aircraft have landed on several of the large
glaciers. Alaska Airlines maintains regular daily air
service to the permanent community at Bartlett
Cove (monument headquarters) during June, July,
and August and to Gustavus (just outsice the monu-
ment) all year.

The monument has an area of about 3,900 square
miles, excluding the water areas outside Glacier Bay
proper. Of this area, 530 square miles (or about 14
percent) consists of the 50-mile-long Glacier Bay and
its various arms and inlets. About 830 square miles
(or 21 percent) is covered by glaciers. Much of the
remaining 2,550 square miles is covered by snow all
but 3 or 4 months of the year.

The land areas in the monument are all mountain-
ous, except for a few broad plains underlain by gla-
cial outwash in the southern and east-central parts.
Four general types of mountains are found, reflect-
ing differences in total relief, glacial history, and
vegetation development. Toward the north-north-
west, the lower, rounded summits and tlruckly for-
ested steep slopes, typical of the Chilkat Range and
the southern parts of the monument, give way to
slightly higher, bare, serrated peaks and ridges that
border steeply narrow steep-gradient valleys. Still
farther north, coalescing valley glaciers and ice-
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fields convert similar peaks and ridges to nunataks.
In the highest parts of the monument, the precipi-
tous peaks of the Fairweather Range have impressive
ice-fluted flanks that descend to heavily crevassed
valley glaciers below.

The glaciers in the monument range from small
hanging types common on most peaks to ones of
great expanse, such as the Brady Glacier Icefield,
240 square miles in area; but most are valley glaciers
1-3 miles wide, which head in cirques or icefields at
an altitude of 4,000-6,000 feet and descend almost to
tidewater. The glaciers are, in general, quite cre-
vassed and are easily traversed only in early sum-
mer. The Brady Glacier and Takhinsha Mountain
Icefields are snow covered in their higher parts dur-
ing most summers and are therefore more easily
traversed.

At present, the ice in the glaciers may be as much
as 1,000-1,500 feet thick in some of the deeper valley
glaciers and as much as 1,000 feet thick on the
broader and higher icefields. Adjacent to nunataks
and valley walls the ice thickness increases rapidly,
but the bedrock surface may be very irregular lo-
cally. Except for some stagnant ice at low altitude,
all the glaciers in the monument are active, and there
are signs that some are growing.

The fiords of Glacier Bay are steep sided and
deep, local depths being greater than 1,000 feet.
Shallower areas are found only near the broad ex-
panses of outwash deposits in the southern part of
the monument and over the small deltas associated
with tidewater glaciers and the larger streams.

Most of the streams in Glacier Bay National Mon-
ument are small, have steep gradients, and drain
areas of only a few square miles. In the southern part
of the monument, however, several short, but vigor-
ous, rivers drain relatively large areas. These rivers,
most of their tributaries, and many of the other
streams are swift and difficult to cross on foot. Al-
most all streams, regardless of size, were found to
carry active stream sediment suitable for geochemi-
cal analysis.

The climate of the monument is generally mari-
time in the southern and lower altitude parts. In-
creasing altitude in the Fairweather Range, the
presence of many glaciers, and the rain-shadow effect
of the Fairweathers tend to make the northern part
of the monument less humid and more like interior
regions. No weather data are available for the
northern or higher altitude parts, but data are avail-
able for Cape Spencer and Gustavus (fig. 2). These
data, summarized in table 1, show that the months
from February through July or August have the

least precipitation, that the fall and early winter
months have the most, and that the temveratures,
are, in general, mild in both summer and winter.

TABLE 1.—Average precipitation and average temperature for
Cape Spencer (1937-66) and Gustavus (1940-66)

[Data from U.S. Weather Bureau, 1937—-66]

Precipitation Temperature

(inches) (degrees Fahrenheit)

Cape Cape
Month Spencer Gustavus Spencer Gustavus
January .. 8.14 4.44 32.05 25.90
February ... 6.04 3.13 33.39 28.80
2.89 35.29 32.39
o 2.32 40.12 39.41
. 2.86 45,12 46.17
. 2.59 47.36 52.24
. 4.04 50.31 55.48
. 4.42 52.55 54.77
September _____14. 6.95 48.97 49.75
Qctober ... 16.70 9.31 44.20 42.26
November .. 13.28 6.19 37.65 33.38
December ... 10.12 5.01 33.68 28.23

Annual

average ! 110.64 54.30 42.20 40.75

1 Through 1965.

PREVIOUS INVESTIGATIONS

Glacier Bay has attracted many geologists and
glaciologists during the past 90 years, mainly be-
cause of the rapid recession of the glaciers. Few of
the earliest explorers and scientists came with eco-
nomic interests in mind, but by 1892 somre prospec-
tors were in the area (Rossman, 1963b). In 1906,
F. E. Wright and C. W. Wright (1937) studied the
Johns Hopkins Inlet area and other parts of the
monument; in 1919, J. B. Mertie visited the area.
Buddington (Buddington and Chapin, 1929) visited
the monument in 1924. Somewhat later, se-veral other
Geological Survey geologists (Reed, 1938; Twenho-
fel and others, 1949; Kennedy and Wal‘on, 1946)
visited specific mineral deposits then of interest or
under development. Economic interest in the monu-
ment was lessened by prohibition of rrospecting
from 1924 to 1936.

In 1942, Twenhofel (1946) studied the Muir Inlet
Nunatak molybdenum deposit in detail, ard the U.S.
Bureau of Mines sampled the deposit (Sanford and
others, 1949). In 1949, D. L. Rossman began geologic
studies in the monument, which are summarized in
three reports (Rossman, 1959, 1963a, b). In 1950-51,
J. F. Seitz studied the geology around Geikie Inlet
(Seitz, 1959). Don J. Miller studied the Gulf of
Alaska Tertiary province for several year:; his map-
ping within the monument was incorporated by
Rossman (1963a) after earlier open-filing (Miller,
1961). Reconnaissance studies in tke Juneau
1:250,000 quadrangle part of the monument were
made during the period 1956-58 (Lathram and
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others, 1959). A few mining companies, notably Fre-
mont and Moneta-Porcupine, prospected in the mon-
ument during the late 1950’s and early 1960’s.

PRESENT INVESTIGATION

The Geological Survey party that made the studies
reported herein was led by D. A. Brew and E. M.
MacKevett, Jr., with Brew overseeing the operations
and reconnaissance geologic mapping, and Mac-
Kevett, the studies of mineral deposits and the min-
eral-resource evaluation. In addition to Brew and
MacKevett, the party consisted of Arthur B. Ford,
Charles C. Hawley, Lyman C. Huff, A. Thomas
Ovenshine, Arthur S. Radtke (until July 9), James
G. Smith (after July 13), geologists, and Raymond J.
Wehr, physical science technician. Huff and Hawley
coordinated the geochemical studies throughout the
project. Henry C. Cornwall joined the project tempo-
rarily early in August to study the Brady Glacier
deposit.

The USGS R/V Don J. Miller, a 105-foot power
barge manned by Robert D. Stacey, master; Allen
Z. Komedal, chief engineer; and John J. Muttart,
cook-seaman, was used as base for the field opera-
tions. The project was supported by a helicopter
operated by National Helicopter Engineering Co.,
with Dan Ellis, pilot, and Howard Grannell,
mechanic.

The party started fieldwork on May 24, 1966, and
had excellent weather during May, June, and July.
Frequent storms in August and early September
hampered the studies, and the party left Glacier Bay
on September 5, 1966.

The field studies were affected to a certain ex-
tent by the amount of snow cover present. There-
fore, the sequence in which the different parts of the
monument were studied is significant. In late May
the investigations covered shoreline and island ex-
posures along the west side of Glacier Bay from
Ripple Cove to Blue Mouse Cove; in June, the north-
eastern and east-central parts of the monument; in
July, the north-central, some of the northwestern,
and the southeastern parts; and in August, the
south-central part, the west-central, and some of the
northwestern areas. In general, the amount of snow
diminished rapidly through June and early July and
slowly in July and August; in September the terrain
above 4,000 feet was covered by new snow.

The results of the field studies are also a function
of the way the data were gathered. All shoreline ex-
posures within Glacier Bay and most of those along
Icy Strait were traversed by slow-moving outboard-
powered skiff, and frequent stops were made to

examine the outcrops and obtain stre~m-sediment
samples. Ridges accessible by helicopter and suitable
for walking were traversed by geologists and ex-
amined in detail. The rougher ridges were examined
aerially from the helicopter, and spot landings for
outcrop study were made wherever po-sible. Some
streams were traversed on foot to gather sediment
samples and bedrock information, but most were
sampled during helicopter spot landings.
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REGIONAL GEOLOGY

Knowledge of regional geology is important to
this mineral resource appraisal in three ways: (1)
the study of the rocks and their distrib=tion aids in
interpreting the geochemical data; (2) Inowledge of
the geologic framework of the known deposits leads
to geologic insights about particular environments
that need to be carefully evaluated in arcas where no
deposits are yet known; and (3) projection of known
rock units from mapped areas into unmapped areas
provides a basis for appraising the mineval potential
of the unmapped areas.

The emphasis in this report is on the gross lithic
and structural framework of the monument, and no
detailed stratigraphic information is presented. The
lithologic map (pl. 1) shows the major rc<k types and
indicates the general geologic associations of the
mineral deposits.

Glacier Bay National Monument cor<ists of five
distinct geologic provinces, each of wtich is char-
acterized by specific structural and lithologic fea-
tures. The Coastal province lies west of the Fair-
weather fault (fig. 2). The Fairweather province is
east of the Fairweather fault and exterds eastward
to the Brady Glacier. The Geikie province extends
north-northwestward through the center of the mon-
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ument; at its northern end, it merges with the east-
west-trending Muir province. The Chilkat province
occupies the southeastern part of the monument. The
features which characterize these provinces are dis-
cussed below,

STRATIGRAPHY

The bedrock stratigraphic section in the Glacier
Bay National Monument ranges from Early Silurian
through late Tertiary in age, with significant gaps in
the late Paleozoic, late Mesozoic, and early Tertiary.
The section is not well understood because of scanty
fossil record, apparent abrupt facies changes, wide-
spread metamorphism, and the disruption caused by
intrusive bodies.

The Paleozoic part of the section crops out
through the east half of the monument and is par-
ticularly well exposed in the Chilkat province (fig.
2). A stratigraphic thickness of 20,000 to 30,000 feet
is estimated to be present. Detrital clastic rocks,
mostly graywacke and argillite, of Silurian and pos-
sibly Devonian age are dominant; some discontinu-
ous nonfossiliferous limestones are also present. To
the north, these rocks appear to grade into a com-
parable section that contains significant amounts of
volcanic rocks. In the western and northwestern
parts of the Chilkat province are exposures of thick
reef limestones whose correlation with the rest of
the section is uncertain. Carbonate and detrital clas-
tic units of Middle Devonian age occur in the north-
central and northwestern parts of this province, and
also in the Muir province. The relations between the
known Devonian rocks and the known Silurian rocks
are obscured by structural complexities and poor
fossil control.

The Paleozoic rocks throughout most of the Chil-
kat province are not greatly metamorphosed, except
adjacent to intrusions. In the Geikie and Muir
provinces, these same rocks locally are highly meta-
morphosed, and it is difficult to correlate them with
their less metamorphosed equivalents.

Mesozoic strata are found in the Coastal and Fair-
weather provinces along north-northwest trends
similar to trends in the Mesozoic rocks of nearby
Chichagof Island. They include three gross units of
unknown thickness: (1) a low-grade metamorphic
unit derived from mixed detrital clastic rocks and
volcanic rocks, found only west of the Fairweather
fault; (2) a biotite schist unit; and (3) an amphibo-
lite unit. The schist unit is derived from a gray-
wacke-shale sequence known to be of Jurassic and
Cretaceous age on Chichagof Island, and the am-
phibolite may be equivalent to voleanic rocks of
probable Triassic age in that same area.

Tertiary strata unconformably overlie the meta-
morphosed Mesozoic strata in the Coastal province;
they consist of at least 12,000 feet of Miocene and
Pliocene sandstone, shale, and minor volcanic rocks
and conglomerate. The Tertiary strata probably ex-
tend offshore onto the continental shelf.

INTRUSIVE ROCKS

Intrusive rocks of probable late Mesozoic and
perhaps Tertiary age dominate the Geikie and Muir
geologic provinces and occur in all the other prov-
inces to a lesser extent. Some of the foliated granit-
ic rocks discussed below may actually be
metamorphic rather than intrusive, but they are
closely associated with the intrusives. The distribu-
tion of the different intrusive rocks is shown on
plate 1, from which it is apparent that most of the
known mineral deposits are spatially related to
intrusions.

Most of the intrusives in the monument are meso-
zonal foliated granitic rock bodies. Hornblende
quartz diorite, hornblende diorite, and bictite-horn-
blende quartz diorite are most common, but some
biotite-hornblende granodiorite also occurs in foli-
ated bodies. In general, foliation is parallel to that in
the adjacent metamorphosed country rocks, but local
divergences are present. This relation sug~ests that
these bodies were intruded before the end of the
episode in which the country rocks were deformed.
Most of the foliated granitic bodies contain, and are
locally bordered by, areas of hornblende quartz di-
orite gneiss, which commonly contains abundant in-
clusions and is in some places very heterogeneous.

Most of the mesozonal to epizonal unfoliated
granitic rocks in the monument are in the Geikie
province, but isolated bodies also occur in the Fair-
weather, Muir, and Chilkat provinces. Because these
granitic bodies all lack well-developed foliation,
their intrusion is considered to postdate deforma-
tion. Compositionally, the unfoliated granitic rocks
range from hornblende-biotite granodiorite to bi-
otite granite. These bodies generally are free of dis-
tinctive border zones, but they do contain large
hornfels inclusions. The intrusion at Johns Hopkins
Inlet (fig. 2; pl. 1) is unusual in that it is associated
with very extensive and spectacular borde» zones of
such inclusions.

A variety of dike rocks, ranging from aplites to
lamprophyres, with andesites and diabases the most
abundant, were mapped in the monument. They are
particularly common in the western and rorthwest-
ern part of the Chilkat province and in the meta-
morphic rocks in the Muir province. Many of the
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dikes probably are relatively young, and in many
places have mineral deposits associated with them.
The majority of dikes strike east or northeast, and
they tend to occur in subparallel swarms.

A layered gabbro complex occupies a large part of
the Fairweather province, and at least two other
bodies of gabbro occur nearby. The gabbro in the
synclinal structure of the largest complex is more
than 30,000 feet thick. The regularly layered center
of this mass is commonly bordered by a structurally
complex zone of gabbro and ultramafic rocks that
locally contains important sulfide deposits. Other
mineral deposits are known to occur within the
layered portion.

STRUCTURE

Each geologic province in the Glacial Bay Nation-
al Monument has characteristic structural features,
and two provinces—Muir and Chilkat—have unusual
complications. Certain features, however, are com-
mon to the whole monument: (1) a dominant north
to northwest strike of all units and planar structures
within all units, (2) steep dips, and (3) repetition of
section by large-scale folds. The major faults in the
monument also strike north to northwest, although
there are minor local divergences from this pattern.

In the Coastal province the moderately to gently
dipping Tertiary strata form two northwest-trend-
ing synclines and one anticline, which have been dis-
placed vertically by northwest-striking faults. Struc-
tures in the underlying Mesozoic rocks are not well
known but probably are similar to those in the adja-
cent Fairweather province.

The Fairweather fault, which separates the Coast-
al and Fairweather provinces, is part of a high-angle
fault system that extends for more than 280 miles
from Yakutat Bay on the north to Chatham Strait
and western Baranof Island on the south. The seg-
ment of the fault within Glacier Bay National
Monument is near the central part of the system.
The dominant fault movement is inferred to be ver-
tical, with the west side down; but both historic dis-
placement (Tocher and Miller, 1959) and inferred
older movements farther south (Loney and others,
1967) suggest that a right-lateral component is also
present.

Steeply dipping north- and northwest-striking
foliation characterizes the Fairweather province,
and the map units apparently are repeated by large
folds. The emplacement of the large gabbro bodies
had little structural effect on the country rock,
except close to the contact.

The Geikie province is characterized by parallel
north- and northwest-striking foliations in the coun-
try rocks and in the numerous granitic bodies. The
distribution of country rock units implies complex
folding, but the intervening intrusive masses make
exact analysis difficult. In the northwestrrn part of
the province, northwest strikes and steep westerly
dips of contacts suggest that most of the rocks in
the province may be stratigraphically below units
mapped in the adjacent Fairweather province. Geikie
province also contains a prominent north-northwest-
striking zone of discontinuous faults.

The structures in the Muir province are very simi-
lar to those in the Geikie province, but contacts and
foliations strike west to northwest and dip moder-
ately to steeply to the north. These attitudes in the
country rocks may be related to the confiruration of
the major intrusive bodies, but they may also repre-
sent preintrusion attitudes in part. In any case, the
abrupt change from northerly trends near Muir Inlet
to westerly trends only a few miles to the north sug-
gest that one or more major structur~l disconti-
nuities are involved. The distribution of map units in
some areas between intrusive masses suggests that
large folds, overturned to the south, may be present.

The same abrupt change in strike has been
mapped in the northern part of the Chilkat province,
near Tidal Inlet. There, the situation is complicated
by an east-west fault zone and, farther to the east,.
by an important high-angle reverse fault that brings
relatively simply folded Devonian strats over more
highly folded Silurian(?) rocks. Outside the area of
these complications, the rocks in the Chill-at province
are characterized by northwest strikes, moderate to
steep northeast dips, and large amplitude folds over-
turned to the southwest.

GEOCHEMICAL STUDIES

Geochemical studies in Glacier Bay National Mon-
ument consisted of the collection, analysis, and sub-
sequent interpretation of more than 2,700 samples
including (1) 1,200 stream-sediment samples, (2)
1,000 altered or mineralized rock samples, (3) 500
soil samples (4) 30 unaltered and urmineralized
background level samples, and a few (5) panned
stream-concentrate samples, (6) water samples, and
(7) glacial-moraine samples. The resunlting basic
data and preliminary interpretations provide only a
skeletal framework, and we believe that further geo-
chemical interpretation of these data is possible. In
particular, the relations between bedrock lithic types
and metal content of locally derived stream sedi-
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ments should be considered in detail. The following
interpretations are preliminary and inconclusive.

Stream-sediment samples provide the greatest
amount of available geochemical data on the com-
position of the rocks and surficial deposits and on
abnormal accumulations of metals, which might in-
dicate the presence of undiscovered buried mineral
deposits. The density of stream-sediment samples
varies greatly because large areas in the monument
have glacial, rather than normal, stream drainage. In
areas of normal drainage, there is more than one
sample per square mile; in the glacier-covered areas,
the samples are much more widely spaced.

The results of the stream-sediment studies are
given in figures 3-7, on plates 2-8, and in tables

" 4-8. The concentrations of total heavy metals, chro-
mium, copper, lead, molybdenum, and nickel are
shown on individual maps, and one map (pl. 8) sum-
marizes other elements, such as arsenic, beryllium,
bismuth, cadmium, silver, strontium, tin, tungsten,
and zinc, which were detected in anomalous amounts.
Complete analytical data are given for several prom-
ising areas on separate maps and in tables. The
analytical data derived from other samples are in-
corporated in the sections on mine and prospect
descriptions.

METHODS OF ANALYSIS

Most samples were analyzed twice, first by a
field geochemical prospecting test for total heavy
metals (hereafter referred to as THM) and then
spectrographically in the laboratory. The results of
the THM tests were available 1 or 2 days after sam-
ple collection and were used to guide further sam-
pling. The results of the spectrographic analysis
were available to the field party within 2-4 weeks.

The THM field test was made in a portable labora-
tory aboard the R/V Don J. Miller. The test is of the
type described by Huff (1951) in which the sample
is digested by heating with acid, and the dissolved
metal content determined by dithizone. This type of
THM test extracts much more of the zine, copper,
and lead contained in the sample than does the com-
monly used cold citrate soluble THM test described
by Hawkes (1963). The more complete extraction is
of considerable importance at Glacier Bay because
the oxidation of the rocks there varies widely, and
more of the metal may be tightly bound than in a
more temperate or thoroughly weathered region. It
should be emphasized that the THM test samples only
the acid-soluble part of the contained zine, copper
and lead. The spectrographic method, however, mea-
sures virtually all the metal present. Both the spec-

trographic and THM tests are semiquantitative; but,
within limits of error, comparison of the THM and
spectrographic analyses permits assignment of some
anomalies to copper, lead, or zinc. For excmple, the
THM test is especially sensitive to zinc, an element
that has a poor spectrographic sensitivity (table 2).
Stream-sediment samples that have high values of
TIIM and low spectrographic values of copper and
lead are therefore believed to have anomalous con-
centrations of zinc.

TABLE 2.—Detection limits, in parts per million, for some
elements determined by the six-step and direct-reader spec-
trographic methods

Spectrographic method Spectrographic method
Six-step  Direct-reader Six-step  Direct-reader
Ag 1 1 | Mo . 3 10
As 2,000 2,000 Nb 10 40
Au 20 10 Ni - 3 2
B 20 20 Pb . 10 4
Ba 2 10 Sb . 200 50
Be 1 1 Sn - 10 20
Bi 10 9 Sr . . 5 10
Cd 50 50 Ti 2 10
Co 3 3 \4 . 7 4
Cr 1 2 w . . 100 300
Cu 1 1 Y . 10 5
La 30 20 Zn . 200 200
Mn 1 5 Zr . 10 10
The spectrographic method supplements the

THM test because the latter does not detect elements
such as chromium, molybdenum, nickel, tin, and
tungsten. These and other elements are detected by
spectrographic analysis if they are present in con-
centrations as high or higher than those g*ven in ta-
ble 2. The sensitivity for elements such as cobalt,
copper, chromium, molybdenum, and nickel is low
enough to detect minor concentrations of these ele-
ments, but the sensitivity for gold, tungsten, and zinc
is high enough that these elements need tc be mark-
edly enriched to be detectable.

Two slightly different spectrographic methods
were used, referred to in table 2 as the six-step and
direct-reader methods. The six-step method is simi-
lar to that described by Myers, Havens, and Dunton
(1961) in that the concentrations are measured visu-
ally from photographic plates; it differs in that con-
centration are reported in the six-step geometrical
array, 1, 1.5, 2, 3, 5, 7, ..., instead of the three-step
array, 1, 3, 7,.... The direct-reader method refers
to a direct-reading spectrograph in which the con-
centrations are measured automatically by photo-
multiplier tubes. The two methods are comparable in
sensitivity and accuracy for most of the elements
sought (table 2).

In addition to routine THM and spectrographic
analyses, many mineralized rock samples were ana-
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lyzed for molybdenum and gold in the laboratory by
sensitive chemical methods.

SAMPLING AND SAMPLE PREPARATION

Stream-sediment samples were collected from both
large and small streams. Most of the streams sam-
pled were flowing, but some samples were taken from
the dry beds of intermittent streams. Clayey and
silty sand was collected; this material is generally
present in considerable abundance in the major
streams, but may be very scarce in steep, small, or
intermittent stream courses. However, some clayey
and silty sand may be found even in small streams in
pockets behind boulders. The samples were placed in
water-resistant paper bags, then dried at about
100°F. After drying, the sample was sieved at —80
mesh and that fraction was analyzed—first by the
field THM test, then spectrographically.

ANOMALOUS AND BACKGROUND VALUES

Every region is characterized by a range of con-
tent values for each element; the average of these
values is the background value. In many cases the
median value is taken as background. Most samples
have about this concentration, but a few will have
much higher or much lower concentrations and these
values are considered anomalous. High values are of
special economic interest because they indicate areas
of enrichment which may, in turn, be done to the
presence of potential ore bodies. Most regions are un-
derlain by many rock types, and because each rock
type has a characteristic element content, back-
ground values are not constant. Therefore, any group
of anomalous values must be interpreted with con-
sideration of such variations.

The results of this geochemical investigation are
reported (pls. 2-8) in ranges of concentration, each
range being identified by a specific symbol. The
data shown on the maps suggest patterns of element
distribution.

TOTAL HEAVY METALS

Analyzed stream-sediment samples from Glacier
Bay National Monument contain from 20 to 1,000
ppm zinc, copper, and lead extractable in hot acid.
The median THM concentration is about 25 ppm,
based on results from a set of samples from 915 lo-
calities (pl. 2), which include the average values
from some duplicate analyses. About 75 percent of
the samples contain less than 60 ppm; 90 percent,
less than 100 ppm; and 95 percent, less than 120 ppm.
The samples with 120 ppm or more THM are consid-
ered markedly anomalous.

COPPER

Copper ranges from about 5 to about 700 ppm in
stream-sediment samples from the monument. The
median copper content is about 40 ppm, based on the
set of 636 samples (pl. 3) analyzed by the six-step
method. About 95 percent of the samples contain less
than 100 ppm, and the samples that contained 100
ppm or more copper are considered markedly
anomalous.

: LEAD

Lead was not detected by spectrographic analysis
in the majority of Glacier Bay stream-sediment sam-
ples. The median value is therefore less than the
spectrographic detectibilities (table 2), although it
may be approximately the detectibility of the direct-
reader method (4 ppm). Based on 636 samples (pl.
4) analyzed by the six-step method, about 85 percent
of the samples contain less than 10 pprm; and 94 per-
cent, less than 15 ppm. The values above 15 ppm are
considered markedly anomalous.

MOLYBDENUM
Molybdenum is not reported in the majority of
spectrographic analyses, but its median value may
not be much less than the 3 ppm detectibility of the
six-step method. In some areas many samples
showed values by the direct-reader method of 5-10
ppm; these values are below the general detectibility
of the method and therefore were not considered in
the statistical analysis. They may, however, indicate
areas of slightly anomalous molybdenum content
and are given on the detailed maps (fivs. 3-7). In a
group of about 1,000 samples, molybdenum exceeded
10 ppm in only 36 samples (pl. 5). All values above
10 ppm are considered anomalous.

CHROMIUM

The chromium content of stream sediments in the
monument ranges from less than 5 ppm to about
2,000 ppm (0.0005-0.2 percent). Based on a group of
957 samples (pl. 6), the median concentration is
about 60 ppm and about 90 percent of the samples
contain less than 100 ppm chromium. About 98 per-
cent of the samples contain less than 200 ppm
chromium. Samples containing 200 ppm or more
chromium are considered markedly anomalous.

NICKEL

Nickel ranges from about 3 to 700 ppm in stream
sediments in Glacier Bay National Morument. Based
on the 636 samples (pl. 7) analyzed by the six-step
method, the median value is about 15 ppm nickel.
About 90 percent of the samples contain less than 30
ppm, and about 95 percent, less than 40 ppm nickel.
Values of 40 ppm or more are considered markedly
anomalous.
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OTHER ELEMENTS

Based on the 636 samples (pl. 8) analyzed by the
six-step method, the median cobalt concentration in
stream-sediment samples is between 10 and 15 ppm,
and about 90 percent of the samples contain less
than 20 ppm cobalt. Cobalt is not shown on the
maps, as it generally tends to vary directly with
nickel.

MINERAL RESOURCES OF GLACIER BAY NATIONAL MONUMENT, ALASKA

Any tin and tungsten values detected by the spec-
trograph were considered anomalous and are shown
on plate 8, along with any detected values of a group
of rare elements including silver and arsenic. Values
of strontium greater than 1,000 ppm were consid-
ered anomalous and are also shown on plate 8; al-
though strontium is not wvery common in ore

TABLE 3.—Semiquantitative spectrographic analyses in parts per million of representative unaltered rocks
{0, looked for, but not found; ... ., not looked for]

Semiquantitative spectrographic analyses

Lab. No. Field No. )
Ag B Ba Co Cr Cu Fe La Mn Mo Ni Pb Se Sn Sr Ti Vv Y Zr
A. Detrital sedimentary rocks
1 Di125435 Hx279A 0...... 100 5 70 20 20,000 0 500 0 15 0...... 0 200 1,000 50 15......
2 DI125436 Hx279B 0...... 300 15 50 100 50,000 0 70 0 30 0...... 0 200 5000 150 10......
3 DI126165 Ov931 0...... 100 7 30 30 20,000 0 500 0 15 0...... 0 500 1,000 70 20......
B. Limestone
1 DI125437 Hx289 0...... 0 7 3 200 0 30 0 0 0...... 0 200 0 0 0......
2  DI125438 Hx524 0...... 150 0 5 7 100 0 15 0 0 0...... 0 100 0 0......
3 DI126163 Hx681 0...... 15 0 15 20 500 0 150 0 5 0...... 0 70 50 0 0......
4 DI1261104 Hx682 0...... 100 3 30 20 1,000 0 200 0 15 0...... 0 500 50 0 0......
C. Mafic dikes and sills
1 DI125449 Hx540 0...... 70 20 150 70 70,000 0 700 0 50 0...... 200 5,000 200 20......
2 1D125938 Bd518B 0...... 50 10 0 7 > 100,000 70 500 0 0 0...... 0...... 5,000 15 Toooon.
3 Di125441 Ov282  0...... 10 30 1,000 50 70,000 0 700 0 300 0...... 0 70 1,500 150 10......
4 DI126156 Hx567 0...... 300 20 70 20 50,000 0 200 0 20 0..... 0 700 3,000 300 20......
5 DI126157 Hx575 0...... 30 30 70 > 100,000 0 1,000 0 70 0...... 0 150 7,000 500 30......
6 DI126162 8j52 0...... 100 30 70 200 > 100,000 0 1,000 0 100 0...... 0 7,000 500 30......
7 DI124941 Hx405 0...... 300 30 200 70,000 0 1,000 0 100 O 7,000 200 20......
1 Also found 2 ppm Be, 10 ppm Nb.
D. Diorite, quartz diorite, and quartz monzonite or granodiorite (field identification)
1 DI125155 Hx565 0...... 500 15 20 10 70,000 0 1,000 0 5 0...... 0 500 3,000 150 30......
2  DI25158W Hx614 0...... 500 15 15 100 70,000 0 1,000 0 10 0...... 0 500 5000 200 50......
3 DI125159 x654 0.. 700 7 3 30 50,000 0 700 0 10 0...... 0 500 2,000 100 10......
4 DI125439 Fa280 0...... 500 10 10 30 ,000 0 700 0 3 0...... 0 300 3,000 150 20.....
5 DI125442 Hx460 0...... 300 15 15 70 70,000 0 1,000 0 7 0...... 0 500 5,000 200 20......
6 D125443 Hx464 0...... 150 15 1.5 30 50,000 0 1,000 0 0 0...... 0 500 5000 200 20......
7 DI125450 Bd554 0...... 200 15 0 70 50,000 0 1,000 0 7 0...... 0 300 5000 150 20......
8 1D124685 Hx377 0...... 7 5 3 30,000 0 500 0 0 0...... 0...... 2,000 20 20......
9 D124072 Hx211A 0...... 1,000 10 10 15 ,000 0 1,000 0 3 0...... 0...... ,000 200 30......
1 Also found 3 ppm Be.
E. Granite or aplite
1 'D125440 Fa312 0...... 300 0 5 7 7,000 0 700 0 0 10...... 0 20 150 0 10......
2 ?DI125160W Hx603B 0...... 200 0 5 5 10,000 0 200 0 0 15...... 0 20 50 0 15......
3 Di125154 Hx564 0...... 3,000 1 7 10,000 0 100 0 0 10...... 0 500 500 15 0......
1 Also found 7 ppm Be, Tr, Li.
2 Also found 1 ppm Be, 10 ppm Nb.
F. Hornblende, garnetiferous rock of diorite composition and associated rocks
1 Di125444 Hx491 100 20 30 150 30,000 0 1,000 0 20 0 0 300 1,000 200
2  DI125446 Hx513A 15 20 20 100 70,000 0 700 0 15 0 0 500 5000 200
3 D125447 Hx513B 30 50 50 150 > 100,000 0 500 0 70 0 0 150 2,000 500
4 DI26152 Hx485 100 20 50 30 > 100,000 0 1,500 0 15 0.. 0 200 3,000 300
LitHOLOGIC UNIT
Al. Pale-gray calcareous siltstone thh ellipsoidal masses of limestone, CG Mafic dike.
Tidal Formation of Rossman (1963b). do ... . . .
2, Dark-gray slaty argillite, interlayered with Al. Dl- B[ot{te-hornblende granodiorite.
3. Interlayed siltstone and caleareous siltstone, Tidal Formation of 2. Biotite-hornblende quartz diorite. .
Rossman (1963b). 21 ]};i’mtltgl.h;"t‘;m?;de gr”tw?ilpn'ttee or quartz monzonite.
N 5 s 3 + . Hornblede-biotite quartz diorite.
BL. Gronfy Rg‘;ﬁ}f;nc:{;g&n_ e massive limestone, Willoughby Limestone 5. Biotite-hornblende diorite or granodiorite.
2. Gray finely crystalline thin-bedded limestone. 6. Hornblende diorite. -
5 s 1. Hornblende-biotite diorite or granodiorite.
3. Dark-gray carbonaceous limestone, Black Cap Formation of Ross- 8. Biotite quartz monzonite
man (1963b). - 1 :  odiori
. P . . . 9. Quartz monzonite or granodiorite.
4. Limestone and argillite, interlayered, typical of Rendu Formation El. Leucogranite or quartz monzonite.
of Rossman (1963b). 2. Leucogranite.
C 1. Mafic dike. 3. Aplite.
2. Mafic igneous rock, forms sill-like masses. F1. Hornblende-garnet ‘“‘diorite.”
3. Mafic dike. 2. Gneissic diorite, disseminated sulfides visible.
4, _do... 3. Hornblendite associated with 2.
5. .do.... .. 4. Hornblende-garnet “diorite.”
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minerals or in metal deposits, it is shown because it
may indicate alteration or strontium metasomatism.

UNALTERED ROCKS

Rocks in Glacier Bay National Monument contain
differing amounts of trace elements, depending on
their origin, lithology, and major-element composi-
tion. Many samples would be required to define
exactly the trace-element geochemistry of the bed-
rock units, but spectrographic analyses (table 3) of
30 apparently unaltered and unmineralized rocks
provide a basis for some generalizations.

Limestones probably have lower trace-element
contents than any other rock type common in the
monument. The range in concentraion in four ana-
lyzed samples is 0-3 ppm cobalt, 5-30 ppm chromi-
um, 3-20 ppm copper, and 0-15 ppm nickel. No lead
or zinc was detected. Streams draining unaltered
limestone terranes should, therefore, have a low con-
tent of these metals. Three analyzed samples of de-
trital clastic sedimentary rocks contain as much as
15 ppm cobalt, 70 ppm chromium, 100 ppm copper,
and 30 ppm nickel, indicating that streams draining
unaltered detrital clastic rock terranes should carry
these metals in considerable abundance.

Of the igneous rocks in the monument, the diorite-
granodiorite-quartz diorite suite was the most ade-
quately sampled and analyzed. The average (arith-
metic mean) concentration of selected elements is
compared below with values for similar rocks re-
ported by Turekian and Wedepohl (1961):

Ba Co Cr Cu Ni Sr

High calcium granitic rocks:
1. Granodiorites and other
granite rocks of
Glacier Bay
2. Average of Turekian
and Wedepohl (1961) .. 420 7 22 30 15 440

Based on only three samples, the leucocratic gran-
itic rocks (which are mainly adamellites) have an
appreciably different trace-element suite, including
trace amounts of lead. Semiquantitative analysis
shows that one sample contains 7 ppm beryllium and
a trace of lithium, elements characteristic of some
leucocratic granites that have associated ore
deposits.

More mafic rocks, such as hornblendite and gneiss-
ic garnetiferous diorite, generally contain higher
concentrations of the elements cobalt, chromium,
copper, and nickel. Mafic dikes, including lampro-
phyres, locally contain very high concentrations of
these elements, particularly chromium and nickel.
The mafic dikes are locally abundant and probably
contribute important amounts of these metals to
stream sediments.

. 506 12 14 40 5 443

CAUSES OF ANOMALOUS VALUES

Anomalous concentrations of metallic elements
occur in stream-sediment samples from various
parts of Glacier Bay National Monument; some of
these concentrations indicate the presence of min-
eralized rocks and are discussed in tl = following sec-
tion. In a few places, similar anomalous concentra-
tions indicate unusual amounts of metals contained
in the country rocks or, directly or indirectly, the
effects of glaciation.

Swarms of mafic dikes are the prnbable source of
anomalous concentrations of metallic elements in
some parts of the monument. Such dike swarms
make up as much as 40 percent of the bedrock in
some areas. Some of the dikes contain unusual
amounts of elements such as chromium and nickel,
and most are bordered by thin selvages of baked and
bleached rock with abundant thin carbonate veinlets.
Erosion of the dike and contact-zone rocks provides
material relatively rich in metallic elements; hence,
the presence of anomalous nickel and chromium in
the stream sediments probably indicates the presence
of dike swarms rather than ore deposits.

Aggrading glacial streams accumulated metal con-
centrates that may or may not be indicative of bed-
rock mineralization upstream. Some glacial outwash
stream sediments show small, but real, concentra-
tions of a suite of elements including iron, titanium,
lanthanum, chromium, niobium, vanadium, yttrium,
and zirconium. These concentrates were caused by a
lag effect; the fast-moving glacial streams selec-
tively carried off light minerals ancd left the heavy
minerals that contain this suite of elements. That the
same suite of metals was found in panning concen-
trates indicates the validity of the proposed
mechanism.

RESULTS OF GEOCHEMICAL STUDIES

The geochemical studies show both many local
concentrations of metals in stream sediments and
systematic geographic distributions for individual
elements. Some of the distribution patterns are re-
lated to mineral deposits in the bedrock, some to
metal-rich country rocks, some to lag concentrates,
and others are not clearly related to any of these.
The distribution of anomalous values shown in fig-
ures 3-7 and on plates 2-8 are discussed below with
reference to known geologic features. The interpre-
tations given are necessarily brief, and further
development of the detailed relations between
stream-sediment metal contents and bedrock com-
position of the drainage basins invclved is possible
in some instances.
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TOTAL HEAVY METALS

Anomalous THM values are widely scattered at
Glacier Bay (pl. 2). Some of them cannot be as-
signed to any distinct mineralized zone and are
interpreted to be the result of widely scattered, but
individually small, centers of hydrothermal altera-
tion and metallization.

Inspection of the map shows that THM values are
generally higher in the relatively unmetamorphosed
and predominantly detrital clastic Chilkat province
than in the predominantly metamorphic and granitic
Geikie or Muir province (fig. 2). Within the Chilkat
province there are noticeable concentrations of
anomalous THM values near the head of Excursion
River, near Miller Peak and Sandy Cove, and north-
west of Tidal Inlet near Mount Merriam. The areas
near Miller Peak-Sandy Cove and Mount Merriam
are underlain by a variety of sedimentary rocks cut
by small stocks and are discussed under “areal
descriptions.”

Anomalously high samples near the head of Ex-
cursion River are close to a prominent fault zone,
which controls the north-northwest course of the
river and are probably related to mineralization
along the fault zone, such as that known at the head
of Adams Inlet. Farther east, additional subparallel
faults are suggested by prominent topographic
alinements. Some of the anomalous samples, par-
ticularly those in uppermost Berg Creek, show high
copper and chromium contents also.

Isolated anomalous values scattered through the
Chilkat province are probably related to additive
contact metamorphism or related mineralization.
Isolated anomalous THM values east, west, and
south of Snow Dome are related to an abundantly
iron-stained - contact zone with small magnetite
masses adjacent to a granodiorite stock. An isolated
anomalous THM value north of the Nunatak mo-
lybdenum prospect probably reflects copper and zine
added during molybdenum mineralization. High
THM values north and south of White Glacier prob-
ably result from the zinc and copper deposits (pl.
1, loc. 6) known in the area.

In the Geikie province, high THM values are con-
centrated near Dundas Bay. Many of these values
are due to high copper contents, and they are dis-
cussed either with copper deposits or in the descrip-
tions of the geochemical results in the eastern and
western Dundas Bay areas. The Reid Inlet gold area
is not marked by any conspicuous THM anomaly,
even though the gold deposits contain some sphale-
rite,which should contribute zinc to the streams. One
anomalously high and several moderately high
values of THM (60-119 ppm) are found in the Reid

Inlet area, however. A very metalliferous stream
sediment (1,000 ppm) was found north of the area in
Tarr Inlet.

Only a small number of stream-sediment samples
were obtained from the Muir province because
drainage is predominantly glacial. The region seerfs
to have a low THM content.

COPPER

The copper distribution pattern (pl. 3) rsembles
that of the THM distribution, particularlyr in the
generally higher metal values of the Chilkat prov-
ince in comparison with the Muir and Geikie
provinces. The pattern is not, however, identical with
THM; part of the difference is due to test method:
the THM test is most sensitive for zinc and less sen-
sitive for copper and lead; hence, high TIM does
not necessarily indicate high copper. The difference
between THM and copper values is very notizeable at
the head of Excursion River and in the Miller Peak-
Sandy Cove area. At both of these places, cnly part
of the THM anomalies is due to copper and an ap-
preciable part is due to zinc, as is shown by com-
parison of the THM and the copper, zine¢, and lead
spectrographic analyses. In other places, as in upper-
most Berg Creek east of Adams Inlet, anomalies
barely discernible in THM are better shown in
copper.

No copper anomalies were found in the Muir prov-
ince, although it should again be noted that this
area is extensively covered by glaciers and has few
flowing streams.

The Geikie province contains several conspicuous
copper anomalies, even though the backgroind cop-
per content is lower here than the Chilkat province.
The largest anomaly is east of Dundas Bay, where
the copper content is as much as 300 ppm in streams
draining a large altered and mineralized are~ (pl. 1).
Near the head of Taylor Bay, copper and THM val-
ues are high in a small creek draining acro-s a gold
prospect (Rossman, 1963b, pl. 1). Most of the Reid
Inlet gold area does not contain.copper anomalies,
but stream sediments collected east and west of the
central part of the area do have anomalous copper
contents. An isolated stream-sediment sample on the
west side of Tarr Inlet contained 700 ppm copper. A
single sample from near the south end of the penin-
sula between Tarr and Rendu Inlets shows a value
that is barely anomalous, but may be significant, as
the sample locality is near a locally magnetite-bear-
ing batholithic contact zone.

LEAD
The distribution of lead resembles that of THM,
but the correlation with the copper pattern is less
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marked. The data indicate broad areas of anomalous
lead concentration in the southern part of the Chil-
kat province and in the northern and southern parts
of the Geikie province (pl. 4). ‘

Lead is somewhat enriched in two samples south
of Snow Dome, one of which was marked by an
anomalous THM value; these high values are prob-
ably derived from mineralization in a nearby contact
zone. Lead also furnishes one of the few geochemical
clues to the Reid Inlet gold area; anomalous
amounts of lead are present in drainages on the
Lamplugh Glacier side of the area. Galena present in
the gold deposits probably explains the anomalous
values.

A small lead and THM anomaly north of Marble
Mountain may be related to hydrothermally altered
limestone country rock. The highest lead value found
(200 ppm) is from the west shore of Tarr Inlet and
coincides with anomalous values in THM, copper,
and other metals. Slightly enriched values of lead
(1624 ppm) occur in drainages entering the south
side of Johns Hopkins Inlet and also east of the Tarr
Inlet about due east of the 200 ppm anomaly noted
above. At both places the streams drain leucocratic
granitic rocks, the only unmineralized rocks in the
monument which contain spectrographically detect-
able lead (table 3).

MOLYBDENUM

The largest area of anomalous molybdenum con-
tent is in the northernmost Chilkat province near
Mount Merriam. Other areas of possible significance
are near Miller Peak and Sandy Cove and at the head
of Dundas Bay. Because of the relatively poor sen-
sitivity (10 ppm), the spectrographic analyses indi-
cated only markedly anomalous values of molybde-
num. As a result, no regional molybdenum back-
ground was detected (pl. 5).

Detailed soil sampling (pl. 12) disclosed anoma-
lous molybdenum values near the Nunatak molyb-
denum deposit. The stream-sediment sampling
program did not detect the deposit, probably because
of the recent glacial erosion which stripped off all
enriched soil and because of the diluting effect of the
surrounding extensive outwash deposits.

CHROMIUM AND NICKEL

Chromium (pl. 6) and nickel (pl. 7) have a dis-
tribution pattern that generally resembles the pat-
tern for copper (pl. 3). As is true of all the metallic
elements discussed, chromium and copper are region-
ally most abundant in the Chilkat province.

The largest chromium anomaly in the Chilkat
province is in upper Berg Creek. This area, which is

also the site of a copper anomaly, is underlain by
mixed volcanic and detrital clastic rocks, and some
iron-stained zones crop out nearby. T e chromium
anomaly may persist downstream to Adams Inlet.
Another chromium anomaly fraceable downstream
was detected along a tributary on the west side of
Queen Inlet in an area where limestone and limy
sandstone are intruded by granitic rocks.

Two anomalous and several moderately high
chromium values near Mount Wright are apparently
caused by a mafic dike swarm, and isnlated values
elsewhere may mark mafic dikes. Nickel is also
markedly enriched near Mount Wright.

OTHER ELEMENTS

Anomalous amounts of tin, tungsten, strontium,
silver, and other metals are recorded on plate 8.
Tungsten was found in only two samples at the head
of Dundas Bay, near exposures of leucocratic gran-
itic rocks. High tin content was noted there and at
several other places, the most significant being the
500 ppm content of the highly anomalous stream
sediment sample in Tarr Inlet.

Silver was found in amounts ranging from 1 to 10
ppm in samples from several scattered localities, in-
cluding the Tarr Inlet sample and a sample found
south of Margerie Glacier. Strontinm is markedly
enriched in two areas, the Miller Peak-Sandy Cove
area and the Mount Merriam area. Poth are also
characterized by relatively high THM and molybde-
num values.

AREAL DESCRIPTIONS

More detailed geochemical data are available for
some of the areas of the monument in which mineral
deposits are known or in which one or more geo-
chemical anomalies were detected. Areas for which
more complete data exist are western Dundas Bay,
eastern Dundas Bay, Miller Peak-Sandy Cove, Mount
Merriam, and Reid Inlet (figs. 3-7).

WESTERN DUNDAS BAY AREA

Scattered anomalous values of THM, beryllium,
copper, molybdenum, tin, and tungster occur in the
western Dundas Bay area (fig. 3). Some of the high
THM values are caused mainly by anomalously high
copper concentrations, others by zinc.

Tungsten-tin-molybdenum anomalies occur in two
streams entering the head of Dundas Bay (table 4
and fig. 3, samples 12, 13) The tungsten content of
these samples is unusally high and molybdenum and
tin are also noticeably enriched. The Feadwaters of
the stream of sample 12 drain an area near the con-
tact of older granitic rocks and a leucceratic pluton,
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where THM stands for total heavy

metals
20100 70 |30 S0, 70 W
13 2 20 0

Sample location and analysis
Sample 18 contains, in parts per million,
20 total heavy metals, 100 chromium
(Cr), 70 Copper (Cu), 20 molybdenum
(Mo), 20 nickel (Ni) but no lead (Pb),
and anomalous elements such as 30 tin
(Sn) and 70 tungsten (W) 1

Base from U.S. Geological Survey
Mi. Fairweather 1:250,000, 1961 0 2 MILES
1

CONTOUR INTERVAL 200 FEET
DATUM 1S MEAN SEA LEVEL

FiGURE 3.—Geochemical sampling map of the western Dundas Bay area.




GEOCHEMICAL STUDIES 19

TABLE 4.—Total heavy-metals and semiquantitative spectrographic analyses, in parts per million, of stream-seliment samples,
western Dundas Bay area

[THM, total heavy-metals (Cu+}Pb+4Zn) field test; 0, looked for, but not found; ... , not looked for]

Loe. Lab. No. Field No. THM Semiquantitative spectrographic analyses
(fig.3) D125~ 66—
Ag B Ba Co Cr Cu Fe La Mn Mo Ni Pb Se Sn Sr Ti v Y Zr
1 720 Fd365 20 0...... 300 15 50 30 50,000 30 1,000 0 15 0...... 0 300 3,000 200 30......
2 733 Bd643 80 0...... 300 20 50 70 70,000 30 1,000 0 20 10...... 0 500 5,000 200 30..,...
3 721 Fd366 120 0...... 300 15 50 50 70,000 100 700 3 15 0...... 0 200 3,000 300 30......
4 734 Bd644 120 0...... 300 20 50 70 70,000 30 1,000 3 20 0...... 0 300 5,000 200 30......
5 722 Fd367 100 0...... 300 15 30 30 50,000 70 T 7 15 0...... 0 200 3,000 150 30......
6 719 Fd364 20 0...... 300 15 70 30 50,000 30 1,000 0 15 0...... 0 500 5,000 200 20......
7 732 Bd642 60 0...... 200 15 20 50 70,000 30 1,500 0 10 0...... 0 200 5,000 300 50......
8 717 Ed362 20 0...... 200 20 100 50 50,000 30 1,000 0 20 0...... 0 500 5,000 200 30......
9 730 Bd640 60 0...... 300 15 50 30 70,000 30 1,000 0 15 0...... 0 300 5,000 200 30......
10 731 Bd641 20 G...... 300 15 30 50 70,000 30 1,000 0 15 0...... 0 300 5,000 200 30......
11 718 Fd363 20 0...... 300 15 20 30 50,000 0 1,000 0 0 200 3,000 200
12 1723 Fd368 120 300 15 100 50 50,000 50 700 30 30 300 3,000 200
13 2787 Bd646 20 500 15 100 70 70,000 50 1,000 20 30 500 3,000 200
14 3454 Bd563 40 300 7 20 20 50,000 50 700 3 0 150 2,000 100
15 3453 Bd562 40 300 7 20 20 30,000 76 1,000 5 0 150 2,000 100
16 716 Fd361 20 300 20 30 30 70,000 30 1,000 0 0 300 5,000 300
17 4455 Bd565 20 200 0 5 20,000 150 5 0 0 100 1,000 30
18 4456 Bd566 20 200 3 10 10 15,000 50 1,000 0 0 100 700 30
19 452 Bd561 20 200 15 20 50 70,000 30 1, 3 0 200 5,000 300
20 4457 Bd567 20 300 1] 5 7 20,000 100 700 /] 0 100 1,500 30
21 451 Bd560 20 0...... 200 15 20 70 50,000 30 1,000 3 0 300 3,000 200 30......
22 474 Bd559 20 0...... 200 15 20 30 50,000 0 1,000 0 0 150 5,000 200 30......
23 726 Bd636 40 0...... 200 15 50 30 50,000 30 700 0 0 200 3,000 200 20......
24 727 Bd637 60 G...... 200 20 20 70 70,000 1,000 [} 0 200 5000 200 30......
25 693 Fd356 20 0...... 300 15 30 30 50,000 30 1,00 3 0 300 3,000 200 20......
26 694 Fd357 40 0...... 300 15 15 30 50,000 30 1,000 [ 10 0...... 0 200 3,000 200 30......
27 728 Bd638 60 O...... 300 15 30 30 70, 0 1,000 (1} 15 O...... 0 300 5000 200 30......
28 695 Fd358 20 0...... 200 20 20 50 70,000 0 1, 0 10 0...... 0 200 3,000 300 30......
29 696 Fd359 20 0...... 200 10 20 70 50,000 0 1,000 0 10 0...... 0 200 2,000 150 30......
30 729 Bd639 80 0...... 200 15 30 50 70,000 30 1,500 1} 15 0...... 0 200 5,000 200 30......
31 715 Fd360 20 200 15 30 30 70,000 0 1,000 (4] 10 0...... 0 200 5,000 300 30......
32 473 Bd558 40 200 15 15 70 0, 0 1,000 0 7 0...... 0 200 5,000 200 20......
33 459 Bd569 40 150 15 15 150 > 100,000 0 1,500 10 0...... 0 200 3,000 200 20......
34 862 Ovi61l 20 290 14 18 28 ,00 0 1,100 0 10 16 27 0 470 6,100 270 38 370
35 474 Bd556 20 200 20 20 30 50,000 0 1,000 1] 7 0...... 0 200 3,000 200 20......
36 471 Bd555 20 0...... 150 10 15 30 30,000 g 700 [ 3 0...... 0 100 2,000 100 15.....
37 3460 Bd571 20 0...... 200 10 15 30 X 30 700 0 5 0...... 0 200 2,000 150 30......
38 350 Bd552 20 O...... 200 15 20 30 30,000 0 1,000 0 7 10...... 0 200 3,000 150 15......
351 Bd553 20 0...... 250 15 70 50 40,000 0 1,000 0 15 30...... 0 300 3,000 200 20......
39 742 Ov1612 20 0...... 200 15 20 20 50,000 0 1,000 0 7 0...... 0 200 3,000 150 30......
40 724 Bd634 60 0...... 200 15 20 30 70,000 0 700 0 10 0...... 0 200 3,000 30......
41 691 Fd354 20 200 15 20 50 50,000 0 1,000 ] 7 0 200 3,000 200
42 725 Bd635 60 300 15 70 30 70,000 30 1,000 0 15 0 300 5,000 300
43 692 Fd355 20 300 20 70 30 70,000 30 1,000 [ 15 0 300 5,000 300
44 347 Bd539 20 15 70 50 70,000 30 1,000 [ 15 0 300 3,00C 300
45 476 Sil4 20 300 15 30 30 100,000 30 1,000 1] 10 0 300 5,000 300
46 744 0Ov1616 50 0...... 300 15 50 50 50,000 G 1,000 5 15 0 200 5,00C 200
47 743 Ov1614 20 0...... 300 15 30 30 50,000 0 1,000 ¢ 10 0 200 3,00 200 AN
48 (% Ovi615 L TP P TR
49 482 Mk435 20 0...... 500 15 15 50 50,000 30 700 0 10 0...... 0 300 7,00C 200
50 483 Mk436 20 0...... 500 15 30 30 K 30 1,000 0 15 0...... 0 300 500C 200
51 484 Mk437 20 0...... 300 15 20 50 70,000 0 1, 3 10 10...... 0 300 3,00 200 30......
52 340 Fd287 40 0...... 200 20 30 70 70,000 30 700 0 10 0...... 0 300 7,00 200 30......
53 485 Mk438 20 0...... 300 15 20 20 0, 1,000 0 5 0...... 0 200 3,00C 200 30......
54 486 Mk439 40 C...... 200 15 20 30 76,600 0 1,000- [ 7 0...... ¢ 150 3,00C 200 20......
55 487 Mkd41 60 0...... 500 15 30 30 50,000 0 1,000 (] 7 0...... ¢ 300 3,00 200 20......
56 488 Mk443 160 0...... 300 30 20 15 > 100,000 0 1,500 <5 10 0...... 0 300 3,00C 20......
57 697 H{330 20 0...... 300 15 50 3 70,000 30 1,000 0 20 O...... 0 300 5,00C 300 20......
58 698 Hf329 20 0...... 300 15 100 30 70,000 306 2,000 (] 20 0...... 0 500 5,00 500 30......
59 489 Mk444 120 0...... 300 15 30 20 X 0 1,000 0 10 G...... 0 200 3,00 200 20......
490 Mk446 110 0...... 300 15 30 30 50,000 1,000 ] 10 0...... G 200 5,00C 200 20......
61 495 Mk452 60 0...... 500 15 50 20 70,000 G 1,000 3 10 0...... 0 300 3,000 200 20......
62 494 Mk450 80 0...... 200 15 50 50 50,000 0 1,000 3 10 10...... 0 200 2,000 150 20......
63 492 Mk447 80 0...... 200 15 30 30 0, 0 1,000 0 15 10 0 300 5000 300 20......
64 342 Fd290 20 0...... 200 20 70 70 70,000 0 700 1) 30 O0...... 0 300 3,00 200 20......
65 493 Mk449 200 0...... 200 15 50 150 50,000 0 1,000 5 15 10...... G 300 3,000 200 20......
66 496 Mk453 60 0...... 150 15 30 50 70,000 0 1,000 [ 7 0...... 0 150 2,00 150 20......
67 Bd609 40 0...... 300 15 20 50 X ¢ 1,000 0 10 10...... 0 200 5,000 200 20......
68 8510 Bd610 200
69 512 Bd613 40 0...... 300 15 30 30 50,000 0 1,000 Q 10 0...... 0 200 3,000 150 20......
70 511 Bd612 40 0...... 300 (1} 30 50 50,000 0 1,000 0 10 10...... 0 200 3,000 150 20......
* Also found 160 ppm W. 4 Also found 2 ppm Be.
2 Also found 70 ppm W. 5 T,08t.

8 Also found 3 ppm Be. 8 Sample contaminated by waste from old cannery.
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TABLE 4.—Total heavy-metals and semiquantitative spectrographic analyses, in parts per million, of stream-sediment samples,
western Dundas Bay area—Continued

Loc. Lab. No. Field No. THM

Semiquantitative spectrographic analyses

(fig.3) D125— 66—

La Mn Mo Ni Pb Se Sn Sr Ti v Y Zr

71 513 Bd614 40 0...... 200 15 50 30 50,000 30 1,000 0 15 15...... 0 200 3,000 220
72 515 Bd617 40 0...... 300 15 30 50 70,000 30 1,000 0 15 10...... 0 300 3,000 2)0
73 514 Bd616 40 0...... 200 15 50 50 50,000 0 1,000 0 15 0...... 0 300 3,000 200
74 516 Bd618 30 0...... 150 30 30 50 70,000 0 1,000 0 30 0...... 0 200 3,000 2)0
75 517 Bd620 30 0...... 500 15 50 70 70,000 30 1,000 0 15 15...... 0 300 3,000 27
76 518 Bd621 30 0...... 300 15 30 30 50,000 0 1,000 0 10 0...... 0 300 3,000 200 20......
64A 341 Fd289 20 0...... 150 15 15 20 50,000 0 1,000 0 5 0...... 0 150 2,000 150 15......
Samples north of Taylor Bay
77 497 Mk456 160 0...... 150 30 150 200 70,000 0 1,000 0 50 0...... 0 300 5,000 320 20......
78 498 Mk458 200 0...... 150 30 150 150 > 100,000 30 1,000 0 50 0...... 0 300 7,000 570 20......

and it seems probable that the source of the anomaly
is mineralization along or near the contact.

The compositon of the leucocratic pluton itself is
reflected in the beryllium and lead content of stream-
sediment samples from areas underlain by the pluton
(table 4, samples 14, 15, 17, 18, 20). The beryllium
content of these samples is not high in terms of esti-
mated crustal abundance, but because beryllium is
generally present in the monument in concentrations
of less than 1 ppm. the 2-3 ppm concentrations
represent enrichment. Similarly, the lead content of
these samples is only 15 ppm, a level that is not
markedly anomalous around Glacier Bay, but is lo-
cally anomalous for the western Dundas, where lead
content is generally low. Except for the 120 ppm
THM value of nearby sample 12, the area with
anomalous tungsten does not have anomalous THM
content.

Samples that show anomalous values of THM in-
terpreted to be due primarily to zinc or copper are
concentrated in a small area on the west side of Dun-
das Bay, near samples 56, 59, 60 , and 65 (table 4).
The high THM values of samples 56 and 59 are prob-
ably caused by zine, as spectrographic determina-
tions show no lead and near background values of
copper. One markedly anomalous sample (No. 68, 200
ppm THM) is related to an abandoned cannery, as
also evidenced by 0.1 percent tin (not given in table
4).

Anomalous THM and copper values are also found
in an unnamed stream draining into the head of
Taylor Bay (fig. 3 and table 4, samples 77, 78) from
an area of gneissic rocks. Rossman (1963b) re-
ported a gold prospect in the drainage.

EASTERN DUNDAS BAY AREA
A small area east of Dundas Bay and not far north
of Icy Strait contains two THM anomalies (fig. 14).

The first, near the shore, contains both Figh THM
and copper values and occurs in an altered zone. The
metal content of the zone ranges from 100 to 300
ppm copper and as much as 30 ppm lead (table 5,
2-5). This occurrence is described more completely
under copper mineral deposits. The seconc¢ anomaly,
about 8 miles farther east, contains high TIIM values
(table 5, samples 8-10, and possibly 18). The most
metal-rich sample (No. 8) was taken from a stream-
bed along the contact of an igneous pluton with
limestone country rock. Near sample 18 on Icy
Strait, limestone exposed along the beacl> contains
jasperoid masses as much as a foot across. This
THM anomaly is partly due to zine, because the
THM values in samples 8-10 are in excess of copper
plus lead.

MILLER PEAK-SANDY COVE AREA

The Miller Peak-Sandy Cove area is on the east
side of Glacier Bay, north of the mouth of Beartrack
River and south of Mount Wright (fig. 5). The area
contains the Sandy Cove gold-copper prospect, which
is just to the east of sample locations 41 and 41A. In
addition, there are several small areas of anomalous
metal content, discussed geographically starting at
the northwest part of the mapped area.

Stream-sediment samples collected south of
Mount Wright, particularly samples 1-13 and 19, 22,
and 23 (table 6), are generally characterized by
anomalous or relatively high values in THM copper,
chromium, and nickel. The area is mainly underlain
by fine-grained detrital sedimentary roc's, subor-
dinate limestone, and amygdaloidal basalt or ande-
site, which are all cut by numerous mafic dikes. Our
interpretation is that the anomalous metal value are
probably derived from the dikes or small-scale vein
mineralization in the baked and altered adjacent
country rock. :
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FIGURE 4.—Geochemical sampling map of the eastern Dundas Bay area.

Streams farther east (table 6, samples 14, 15)
drain a mixed sedimentary terrane which includes
limestone, and the THM values may largely repre-
sent zinc from mineralized carbonate rocks like those
known to exist near White Glacier (pl. 1). Similar
mineralization may exist to the south and southeast

of samples 28-38, where the anomalous or relatively
high values of THM and trace amounts cf lead may
be derived from a mixed sedimentary terrane.

A group of samples in a tributary stream east of
the Beartrack River (particularly samrples 56-59)
show relatively high or anomalous values of THM
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TABLE 5.—Total heavy-metals and semiquantitative spectrographic analyses, in parts per million, of stream-sediment samples,
eastern Dundas Bay area

[THM, Total heavy-metals (Cu+4Pb+Zn) field test; 0, looked for, but not found; .

., not looked for}

Loec. Lab. No. Field No. THM

Semiquantitative spectrographic analyses

(fig4) D125- 66— X
Ag B Ba Co Cr Cu Fe La Mn Mo Ni Pb Sc Sn Sr Ti v Y Zr

1 528 H{320 40 0 300 15 100 70 70,000 30 1,000 0 20 0 300 5000 300

2 529 Hf321 160 0 300 15 50 150 50, 0 1,000 0 20 0 150 3,000 150

3 530 H{322 160 0 200 15 50 150 50,000 0 1,000 0 20 0 150 3,000 200

4 533 . Hf325 125 0 200 15 50 300 70,000 0 1,000 5 15 0 150 5,000 200

5 745 Ov1631 60 0 300 20 30 50 70,000 30 1,000 3 15 0 200 5,000 200

6 735 Hx552 60 200 10 50 30 70,000 30 700 0 10 0 200 3,000 200

7 739 Hx556 40 300 15 50 50 50,000 0 1,500 0 15 0 200 3,000 150

8 749 Ov1635 300 700 15 30 50 50,000 30 1,000 (1] 20 0 200 3,000 200

9 748 Ov1634 160 700 15 50 50 50,000 30 700 0 15 G0 200 2,000 200
10 738 Hx555 160 500 10 30 30 30,000 0 700 0 15 0 150 3,000 150
11 736 Hx553 80 0...... 300 15 50 30 70,000 30 700 0 15 0...... 0 200 3,000 200
12 737 Hx554 100 Q...... 300 15 50 50 70,000 0 1,000 3 15 0...... 0 200 5,000 2
13 747 0Ov1633 12 0...... 200 20 70 70 70,000 0 1,000 0 20 15...... 0 200 5,000 200
14 746 Ov1i632 60 0...... 200 20 50 50 70,000 0 1,500 3 15 10...... 0 200 3,000 200
15 689 Hf327 20 0...... 200 15 50 100 70,000 50 1, 5 15 0...... 0 200 5,000 300
16 690 Hf328 20 0. ... 200 20 70 70 > 100,000 30 1,000 <5 15 0...... 0 200 5000 500 30......
17 467 Hx480 40 0...... 1000 7 15 10 0,000 30 700 0 10 0...... 0 200 3,000 150 20......
18 468 Hx179 160 0...... 300 15 30 100 50,000 0 1,000 [1] 15 0...... 0 150 3,000 200 20......
19 339 Fd284 20 0...... 300 10 30 15 70,000 0 700 0 15 Q...... 0 150 5,000 200 30......
20 338 Fd283 20 0...... 300 15 50 20 70,000 50 700 0 15 0...... 0 150 7, 200 30......
4A 534 Hf326 20 0...... 300 15 70 100 70,000 30 700 0 20 10...... 0 200 3,000 200 15......

and copper. The bedrock in the stream drainage is
graywacke and argillite, and the origin of the THM
and copper values is unknown.

Samples in the southwestern part of the area lo-
- cally show anomalous values of THM, copper, molyb-
denum, and strontium. These values are probably
related to a pluton near Miller Peak. Samples 92 and
99 show anomalous concentration of copper and
molybdenum, respectively.

MOUNT MERRIAM AREA

There are no mines or prospects in the geologically
complicated Mount Merriam area (fig 6; pl. 1), but
there are many stream drainages containing anoma-
lous concentrations of THM and molybdenum and
some outcrops of unprospected mineralized rock. The
high THM values seem to be due to zine, for neither
lead nor copper is abundant. The area is similar to
the Sandy Cove-Miller Peak area in having numer-
ous high strontium values, suggesting the possibility
of either alteration or additive contact metamor-
phism in the hornfelses and marbles around the
granitic stocks.

The highest concentrations of molybdenum are
found in a small part of the area east of Composite
Island (table 7, samples 8, 13, 14, 20, 21). Some of
these samples also have high THM values, which are
not confined to this small area, however. Molybden-
um is present in greater-than-detectable quantities
in all samples from the Mount Merriam area.

REID INLET GOLD AREA
The Reid Inlet gold area (fig. 7; pl. 1; tables 8, 11,
12) contains the main gold deposits of the monu-

ment, but it is not well marked by geockemical pat-
terns.

The mixed greenstone and granite terrane west of
Lamplugh Glacier has a distinct copper anomaly, and
several of the samples, notably 8, 9 and 16 (table
8) east of Reid Inlet also contain anomalcis amounts
of copper. Most of the area, however, seems charac-
terized by less than background amounts of copper.
As the gold generally is accompanied by galena, lead
might be expected to be abundant, but results show
it to be only locally abundant (table 8, samples 1-4);
a greater sample density might have given a strong-
er pattern. Since gold was found by panning in
Ptarmigan Creek below the LeRoy mine and is vis-
ible in vein material elsewhere, the Reid inlet area
seems to be an example of an area in which old-
fashioned panning is more satisfactory than geo-
chemical methods.

MINERAL DEPOSITS

Deposits of gold, silver, molybdenum, iron, nickel,
titanium, copper, and other metals are }ynown from
Glacier Bay National Monument. Some of these de-
posits have been mined or explored on a small scale,
but many of them are virtually unexplored. Two of
the deposits, the Brady Glacier nickel-copper deposit
and the Nunatak molybdenum deposit, have been
investigated in some detail. The term ‘“mineral de-
posit” is used broadly in this report to include
anomalous concentrations of ore metals. The de-
posits described range from small insignificant
mineral occurrences to some deposits that apparently
are large or rich enough to warrant exploration.
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